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By We He Phillips

SUIVNARY

At the request of the Bureau of’Aeronautics, a towed

body was designed and built to meet certain specifications

Of size, weight, and sta~ilityo Flight tests were made to

determine whether the body met the stability specifications

which required that ari~ulardoviat ions in flight should be

less than ~l”. !l%.isrequirement for stability was met in

flight in smooth ei,rj where pitching and yawin~ oscillations

of to.40 ant! rolling oscillations of *O.8° were measured.

In rough air ar.gularrievi.ations in pitch anclyaw were some-

what larger than those specified, and rolling motions were

considerably larg;er,

IIJTRODUCTION

The Bureau of Aeronautics required a towed body capable

of containing certain instruments “that have the external

dimensions shown orIf’i~ure1. It was desired thdt the body

~l” in pitch~should deviate f’rorna fixed position less than

roll # or yaw while in flight, and should have the Rbility to

be lowered from and drawn up to an airplane without performing

dangerous oscillations. The size and weight of the device
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were to be kept t? a ~ini.mum: Specifically, it was required, .. .,..

that the body could be lowered through a,door 2.4inches wide.. .

A special ~-inch diameter suqp~nsion cable weighing 0.185

pound per foot ~rJ.d a “ball-bearing suspension pivot were. .

supplied by the Bureau.

APPARATUS AND KETHOD

A tc)wedbod:~WS-Sdesigned to meet the specifications

(fig. 1). A i“:~ll-scalemod,el of the d~vice was constructed

from balsa wood about 2 inches thick, and the fins were
,“

lami~ated from a layc.r of plywgod ~:iiqdwichedbetween @VO .~~ee~s

exact airfoil section used on the fins .i3 IIOt “beli~’=d to’ .:
..’

affect the behavior of’the body. The cor~struction used was.

thought tc represent approximately the weight >f a thinner

and.denser material, such as plastic or plywood, that rn.ig.ht

be used to build ths =:tual instrument container.

The suspension cable pivot supplied by the Bureau wqs

similar to a gimkal frame and allowed thq body to rotate.

was considered desirable to place the :~ivot,point at the
,. . .

center of gravity of t.hc body. In order to provide stability

in roll, the conzporler.tallowing.freedom in roll was removed,

and, the cable for 6inches above the pivot was mad: r’igidby,.

surrounding it with a piece of steel tubing,
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Angular deviation’s in flight were measur”ed by-takirig

~ p“ictur.eswith an-p-millimeter movie camera mounted in the ‘,- ,,.., —,.

nose of the body behind a.plexiglass window. A timer tn

airplane, connected to the solenoid-operated shutter of

cainera through conductors contai~’kxlin the cable, tripped

shutter at ‘~-second intervals,’
2,

The wei{jht of the body cornplete”with camera and a small,

amount of ballast was 25 pounds. A pho~ograph of the body

is shown in fi~u~,~2. The installation o.fthe camerain the

nose is shown irifigure 3,

The f’li[jh.ttests were ~i~d~ by lowering the devi~e from

a rack (fig, ~.)beneafh the sabi’ndoor of a.small twin-

engined, low-win~ cabin monoplane, A hand-operatecl reel

was’employed tb let out and take in the su:3pension cable.

The cable was oelieved to be located outside the slipstream

of the propellers except perhaps for the first few feet of

its length.

RESULTS

The first.f’lightyielded no photographic records, but

it

up

to

was found that the body could be Jowered from and drawn

to the rack witkmut difficulty. The device was observed

ride up at an angle about

flight. Exawt:::bion of the

warped. Por this reason, a

30° from the vertical on this

fins revealed that they were

small tab, shown on.fi~ure 2,

was added to the trailing edge of the fin and offset slightly
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to counteract tliefin Sl@ei : Oh subsequent’ flights the body

hung alnost vertlc.ally.‘below the’airplane; “ The tab is not ‘”

‘believeq to have” any im.por’tanteffect Ori the stability of ‘the-

body. ..

Record? w~re oktained on the next two flights, one in

rough air and one in sm,ooth air~

cable were let ont on these runs.

from the motion ;Iict-u]?ecarx?raare

Appvoxl.mately 100 i’ddtof

Ty~iCa?Lsets of frames -

shown in fi~ure 5.

Although liazeprevented a clear picture oi’t’hehorizon, “

objects on the Isndscape could be used’as reference points

to measure the motidn of the body.

Time “-histor<irs3f the motion of the’body ~Ln. rou’@ air

are given in figurfi 6. In spike of the violent motions of

~d” in pitch andthe.a’ir,plane, tlie“bodyoscillated less than

yaw. The.rolli~lgmnti.on was considerably greater, however.

The body oscillated th~>o~h an amplftude of about’~lOO.

This oscillatiori is simply a side-to-side pendulum motion of

the whole cable system. Inasmuch as the lateral motion of

the body was prob:~.bl::’not much greater tlhanthe lateral motion

of the .airpZane !tsel.f,it is difficult to see how “tkcisamp~i-

tude could.be red”aced,

It will be noted th~t the equilibrium angle of roll of

the body was not cx.actly Zt?.ro, The body and.!:.able were

observed to ride off to one side slightly. This tendency was

attributed’ to incorr~ct adjustment of tr~et’ab~ and would not

occur in a symmetrical “body.
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In smoo’thair,’the body waa very gteady. As shown in..

figure 7, the amplitudes of the pitching and yawing oscilla-

tions were ‘i~ii than ~Ooj+O, aimost too small to detect. The

rolling ’osc~.llat~.onhad an amplitude of about ~0*8°, The

body therefore meets the’requirements fc>rstability so long

as the al~ltiit~ f’lies s,teadily.
,.

Although rneashrements weti

made only with a cable length of 100 feet, the ‘behavior of

the bodj’app,&ared to be essentially the sslnefor shorter

cable lengths,

“The te;.lsio;,lfl.nthe cable at 16(Imiles per hour was

55 pounds. TMs ve.1.ueCCXW>areB with the weight of the

bomb and c.~!Jl.e o.fabout j.~~pounds. ~e’;a}~se tests show that

the alr io]we.c~a.ct.almost normal to the elements of the cable,

the tension wou?,dnot be expected to i.ficreasemuch with

increasing speed.

The anp;lc made by the cable with the .horizontal at its

point of att~ch.mcnt.to the airplane was not measured, ‘out

it appeared to vary between about 20° and 10° as the sPeed

increased from 1.00to z60 miles per hour. The cable thus

trailed almo~t. straight back at high speed. The body itself

hung suificLei?.tly far below its attachment to avoid coming

into the wake or slipstream of the alr:plane~

Because It :1.sconsidered desirable to keep the span of

the “fins on ‘the body as small as possible, further tests are

planned in which the span of the fins will be reduced and the

,,, ,.,. . -,.,,. .. ,. ,,,....,.,,. -..——,- . ...——..—
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pivot point moved forvyard,to preserve directional stability.

The results of these tests will be presented at a later date.

CONCLUSIONS

1. The.towed body de’sribed in this report was found to

i!leetthe requirements for stability. In smooth a’ir,the

.mnplitude of pitck.ing and yawing oscillations was less tb.an

~O.bO, and the amplitude of rolling oscillations was less

than tQ.8°0 These measurements were made with a cable length

of 100 feet. The body peri’orzwedno violent motions while,,

being lowered froinor drawn up t~ the airplahe.

2. Ir~rough air, the sngles of pitch and yaw varied

,,
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Figure 2.- Photograph of towed body.



.

Figure 3.- Installation of camera in nose of towed bodyl
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Figure 4.- Towed body mounted in rack on airplane.
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Figure 5.- Enlarged reproductions of typical records taken
with 8 mm camera. Frames are at 1/2-second intervals.
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